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ABSTRACT 

This  investigation  concerns  the  excitation  of  a  traveling  wave  in  a 
dielectric  filled  rectangular  channel  in  an  infinite  ground  plane,  by 
means  of  distributed  coupling  to  a  closed  waveguide.   The  data  show 
some  of  the  effects  of  the  size  of  the  coupling  holes  and  the  length  of 
the  coupling  region  upon  1)  the  attenuation  between  the  input  and  output 
of  the  exciting  waveguide,  2)  the  aperture  distribution,  and  3)  the 
radiation  pattern,  for  various  frequencies. 


1.  INTRODUCTION 

The  axially  excited  traveling  wave  slot  antenna  described  by 
Royal^  consists  of  a  radiating  waveguide  coupled  to  an  exciting 
waveguide.   The  radiating  waveguide  is  a  rectangular,  dielectric 
filled  channel  in  an  infinite  ground  plane.   The  exciting  waveguide  is 
partially  dielectric  filled  to  give  a  phase  velocity  equal  to  that  of 
the  radiating  waveguide.   The  coupling  mechanism  is  a  series  of  holes 
along  the  axis  of  the  guides,  in  their  common  wall.   (See  Figure  1) 

This  investigation  concerns  the  effects  of  the  phase  velocities 
and  of  the  coupling  length  on  the  waves  excited  in  the  radiating 
guide.   The  principal  interest  is  centered  around  the  fact  that  the 
radiating  guide  can  propagate  many  modes.   For  the  case  of  closed 
waveguides,  Miller  has  shown  that  energy  can  be  coupled  from  a  single 
mode  guide  to  a  selected  mode  of  a  multi-mode  structure  by  proper 
choice  of  the  coupling  mechanism  and  of  the  phase  velocities.   The 
extent  of  this  effect  for  an  open  waveguide  is  one  of  the  main  points 
of  this  investigation. 


2.   EXPERIMENTAL  PROCEDURE  AND  PRESENTATION  OF  RESULTS 

2.1  Outline  of  the  Problem 

A  previous  investigation  of  the  antenna  in  Figure  1  had  shown  that 
energy  was  transferred  periodically  from  guide  to  guide  as  the  length 
of  the  coupling  region  was  increased.   This  investigation  was  limited 
to  a  relatively  short  antenna  and  was  hampered  by  the  presence  of 
reflected  waves  in  the  radiating  waveguide  due  to  its  abrupt  ends   These 
findings  suggested  that  similar  measurements  be  made  on  an  antenna  which 
would  have  a  maximim  coupling  length  sufficient  to  show  several  cycles 
of  power  transfer.   These  measurements  include  the  attentuation  of  the 
exciting  guide,  the  aperture  distribution,  and  the  radiation  pattern  for 
various  lengths  of  coupling. 

2.2  Propagation  Properties  of  the  Waveguides 

The  cross  sectional  dimensions  of  waveguides  used  in  this  experiment 
are  shown  in  Figure  4'.   They  are  identical  in  cross  section  to  their 
counterparts  in  Figure  1 . 

Figure  2  shows  the  relative  phase  velocity,  c/v,  as  a  function  of 
frequency  for  the  radiating  guide  in  a  region  of  5/16'  inch  diameter 
coupling  holes  and  in  a  region  of  no  coupling.   A  calculated  curve  of  the 
relative  phase  velocity  of  the  exciting  guide  is  also  presented.   It  can 
be  seen  that  the  rate  of  change  of  phase  velocity  of  the  exciting  guide 
is  considerably  different  from  that  of  the  radiating  guide.   This  allows 
the  effects  of  the  difference  in  phase  velocities  to  be  investigated. 

The  attenuation  of  the  radiating  guide  is  very  small  until  the 
frequency  reaches  the  point  where  c/v  becomes  less  than  unity.   The 
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5 
curves  of  Figure  3  show  that  the  attenuation  becomes  large  for  frequencies 

lower  than  8600  megacycles. 

2.3  Input  to  Output  Attenuation  of  the  Exciting  Waveguide 

The  coupling  mechanism  used  in  this  part  of  the  investigation  is  a 

thin  strip  of  phosphor  bronze  which  has  holes  punched  along  a  portion  of 

its  axis  to  serve  as  coupling  apertures.   This  strip  serves  as  the  common 

wall  for  the  two  guides  (See  Figure  4')  and  can  be  moved  along  its  axial 

direction  to  vary  the  length  of  the  region  of  coupling  from  zero  to  40 


RADIATING  GUIDE 


EXCITING  GUIDE 


Figure  4  Cross  Section  of  Coupled  Waveguides 
(not  to  scale) 


inches.   Coupling  apertures  of  1/4',  9/32,  and  5/1 6<  inch  diameters  spaced 
23/64'  inch  center  to  center  are  investigated.   Figures  5  and  6>  show 
this  apparatus  and  the  other  components  used  in  the  measurement. 

The  attenuation  of  the  exciting  guide  is  defined  as  the  ratio  of 
its  output  power  to  its  input  power.   The  slide  screw  tuner  (See  Figure  6) 
is  adjusted  to  match  the  line  where  the  20  db  coupler  is  located.   The 
coupler  gives  a  reference  signal  which  is  proportional  to  the  input  power. 
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8 
The  phase  of  this  reference  signal  is  shifted  and  the  output  power  is 
attenuated  to  give  a  null  indication  at  the  I.F.  amplifier  output.   The 
attenuation  is  then  the  difference  between  the  readings  of  the  attenuator 
obtained  in  this  way  and  those  obtained  when  the  antenna  is  replaced 
with  a  section  of  lossless  x-band  waveguide. 

The  results  are  presented  graphically  in  Figure  7  (ato  e).   They  are 
plotted  so  that  for  any  frequency,  the  attenuation  of  the  exciting  guide, 
as  a  function  of  length  of  coupling,  can  be  compared  for  three  sizes  of 
coupling  holes . 

It  is  obvious  from  the  irregular  shape  of  the  attenuation  curves  that 
many  modes  are  being  excited  in  tne  radiating  waveguide.   It  is  interesting 
to  note  the  curves  for  the  5/16.  inch  diameter  holes  in  the  frequency  range 
of  9,400  to  9,900  megacycles.   A  null  at  22  inches  of  coupling  for  9,400  mc 
has  disappeared  at  9,600  mc  and? at  9,800  mc,  nulls  appear  at  13  and  27 
inches  of  coupling.   The  same  thing  occurs  in  the  vicinity  of  10,100  mc  for 
the  9/32  inch  diameter  hole  coupling  mechanism, 
2A     Aperture  Distributions 

Figures  8  to  15  show  the  results  of  an  investigation  of  the   aperture 
distribution  for  various  lengths  of  coupling.   For  these  measurements  the 
radiating  guide  has  ref lectionless  terminations  at  each  end,  as  in 
Section  2.3.   Figures  8,  12,  and  14'  are  the  attenuation  curves  (from 
Section  2.3)  for  10,100  mc,  9,700  mc,  and  9,100  mc, respectively,   The 
others  show  the  aperture  distribution  of  normal  electric  field  at  these 
frequencies  for  various  lengths  of  coupling.   It  is  interesting  to  note 
from  the  graphs  of  this  section  that  the  points  of  maximum  and  minimum 
electric  field  correspond  to  the  maximum  and  minimum  points  on  the 


1  i 


90 


o 


u 

2 

o 

w  o 
O 
ID 


80 


u 

2 
o  o 

"■  o 

0> 


90 


*""vcMlTy  0f  lium9 

UBRABY 


12 


13 


o 
01 


14' 


10  15  20  25  30  35 

Length  of  Coupling  Region —  Inches 


40 


Figure  8  Attenuation  in  Exciting  Guide  versus  Length  of  Coupl in; 
Region 
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Figure  9  Aperture  Amplitude  Distribution 
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Figure  10  Aperture  Amplitude  Distribution 

Frequency  =  10,100  mc.    Length  of  Coupling  =  28  inches 
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Figure  II  Aperture  Amplitude  Distribution 
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Figure  13  Aperture  Amplitude  Distributions 
(Frequency  =  9700  mc) 
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18 
attenuation  curves.   Also  note  that  the  standing  wave  present  in  the 
radiating  guide  when  the  length  of  coupling  corresponds  to  a  minimum 
of  attenuation  is  larger  than  when  it  corresponds  to  a  maximum. 
2.5  Radiation  Patterns 

The  study  of  radiation  patterns  is  made  with  an  antenna  similar  to 
the  one  shown  in  Figure  1,  except  that  the  radiating  waveguide  is  32  5/8 
inches  long.   The  coupling  mechanism  is  a  series  of  5/16  inch  diameter 
holes  spaced  23/64'  inch  (same  as  in  Sections  2.3  and  2.4).   Figures  16. 
to  20  show  the  radiation  patterns  corresponding  to  various  lengths  of 
coupling  over  the  frequency  range  of  9,100  mc  to  9,500  mc.   An  attenuation 
curve  (from  Section  2.3)  is  also  shown  for  each  frequency. 

An  examination  of  the  major  lobes  of  these  patterns  indicates  that 
selective  excitation  of  approximately  a  single  mode  is  possible  by  proper 
choice  of  the  length  of  the  coupling  region. 

From  the  patterns  for  12  inches  of  coupling  it  appears  that,  as 
frequency  increases,  the  major  lobe  begins  to  split,  as  if  the  excitation 
of  a  second  mode  increases  as  frequency  increases,  in  this  range.   The 
presence  of  this  strong  second  mode  was  pointed  out  in  Section  2.3  from 
examination  of  the  attenuation  curves  in  this  frequency  range.   Also,  as 
frequency  increases,  the  patterns  show  a  decrease  in  the  front  to  back 
lobe  ratio. 

Another  point  of  interest  is  that  Royal  theoretically  determined 
that  a  cosinusoidal  distribution  of  normal  electric  dipoles  along  the 
axis  of  the  aperture  would  give  a  good  end-fire  pattern.    The 
measurement  of  electric  field  in  the  aperture  in  Section  2.4'  shows  that 
a  good  approximation  to  this  distribution  is  obtained  when  the  length 
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Figure  16  Patterns  for  Selected  Lengths  of  Coupling 
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of  coupling  is  the  same  as  for  the  first  minimum  of  attenuation  in  the 

exciting  guide.   For  the  frequency  range  of  these  patterns,  this  length 

is  approximately  12  inches. 


3.   CONCLUSIONS 

It  is  shown  that  the  mode  purity  and  amplitude  distribution  of 
the  fields  in  the  radiating  waveguide  of  the  axially  excited  traveling 
wave  slot  antenna  are  dependent  upon  the  guide  phase  velocities,  the 
size  of  the  coupling  holes,  and  the  length  of  the  coupling  region.   It 
is  also  shown  that  a  good  end-fire  pattern  can  be  obtained  by  proper 
choice  of  the  length  of  the  region  of  coupling. 
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